Previous rotavirus infection studies used the focus reduction assay extensively to evaluate cellular responses to viral infection, but this technique has a number of limitations. In this study, we developed a simplified, accurate rotavirus infection assay to evaluate the effects of inhibitory substances on rotavirus infection in vitro by measurement of the fluorescence intensities of stained cells.
Rotavirus belongs to the Reoviridae family. Its genome consists of 11 double-stranded RNA segments that encode six structural proteins (VP1-VP4, VP6, and VP7), as well as six nonstructural proteins (NSP1-NSP6). 1, 2) It is a major cause of severe viral gastroenteritis and dehydrating diarrhea in young children worldwide. It has been estimated that rotavirus causes approximately 600,000 deaths a year in children under 5 years old worldwide. [3] [4] [5] In general, vaccination is the most effective mean of protection against virus infection. In 2006, researchers reported two new rotavirus vaccines, 1) but confirmation that live oral vaccines are safe and effective in developing countries is lacking. 1) Consequently, researchers have continued to investigate safe and effective inhibitors of infection, and many previous studies have suggested compounds to prevent infection. [6] [7] [8] [9] Previously published rotavirus infection studies used the focus reduction assay extensively, is a method that involves staining infected cells with a fluorescenceconjugated antibody and counting the stained cells by means of fluorescence microscopy. For example, the embryonic rhesus monkey kidney epithelial MA104 cell line was inoculated with a mixture of sample protein and virus, the infected cells were stained by indirect immunoantibody assay, and they were finally examined microscopically to identify immunoperoxidase-stained foci, which indicate infection. [7] [8] [9] A major limitation of this method is that it fails to provide information about the underlying cells. Furthermore, to do a focus reduction assay, considerable skill is required for accurate discrimination of infected cells from noninfected cells, which typically takes a long time to perform since it relies on manual counting.
To overcome the limitations associated with the classic focus reduction assay, in this study we tested a novel method to determine the ratio of viral infected cells to total supporting cells by measuring the fluorescence intensity of the stained cells. In the new method, we employed that recognition of the rotavirus VP6 protein on infected cells by a murine monoclonal antibody against pigeon rotavirus PO-13 10) stained with an fluorescein isothiocyanate (FITC)-conjugated antibody and the cell nuclei of the total cells stained with 4 0 ,6-diamidino-2-phenylindole dihydrochloride (DAPI).
In the first set of experiments, we stained infected cells and all underlying cells. The rotavirus MO strain, serotype G3P [8] , was activated with trypsin (SigmaAldrich St. Louis, MO) and added into MA104 cells, as described previously. 7) Rotavirus VP6 of the infected cell was stained with a combination of the PO-13 monoclonal anti-pigeon rotavirus antibody and FITCconjugated goat anti-mouse IgG serum (American Qualex, San Clemente, CA). In addition, the nuclei of the cells were stained with DAPI (Sigma-Aldrich). We observed the staining of the specimens with an Olympus BX51 fluorescence microscope (Tokyo), and composites of the resulting images were created in Photoshop CS3 (Adobe, San Jose, CA).
As shown in Fig. 1A , the FITC-labeled cells (green) corresponded to structural protein VP6 of the infecting rotavirus, indicating that some cells were indeed infected by the rotavirus. The degree of infection was represented by the expression level of VP6. In contrast, DAPI (blue) uniformly stained the nuclei of almost all the cells (Fig. 1B) , confirming that this marker stains all cells. Furthermore, we confirmed that the green fluorescence was not caused by FITC itself, since the specific anti-VP6 antibody detected VP6 only on the surfaces of the infected cells (Fig. 1C) .
To test our novel method, MA104 cells were seeded in 96-well microplates (black/clear BD FALCONÔ, Franklin Lakes, NJ), and grown to full confluence. A suspension containing infectious virus at a titer of 3:9 Â 10 6 FFU/mL was treated with 10 mg/mL of trypsin for 30 min at 37 C. After dilution at multiplicities of infection (moi) ranging from 0.03 to 1.2, we added 100 mL/well of virus to the confluent monolayer of MA104 cells. After fixing the cells, we added 80 mL of PO-13 monoclonal anti-pigeon rotavirus VP6 antiy To whom correspondence should be addressed. Fax: +81-58-293-2913; E-mail: yabet@gifu-u.ac.jp Abbreviations: DAPI, 4 0 ,6-diamidino-2-phenylindole dihydrochloride; EMEM, Eagle's Minimal Essential Medium; FCS, fetal calf serum; FFU, fluorescent focus-forming units; FITC, fluorescein isothiocyanate; HRV, human rotavirus; MIC, minimum inhibitory concentration; MOI, multiplicity of infection; PBS, phosphate buffered saline; PFA, paraformaldehyde; SEM, standard error of the mean body to each well (1:10,000 dilution in PBS with 1% bovine serum albumin), and incubated the mixture for 1 h at 37 C. The antibody was subsequently removed. Then we added 80 mL of FITC-conjugated goat antimouse IgG serum (1:500 dilution in PBS) to the cells with incubation at 37 C for 1 h. After washing the cells 3 times with PBS, we stained them (the nuclei) with DAPI. The fluorescence intensities of FITC and DAPI were measured with an Infinite Ò 200 microplate reader (Tecan, Mannedorf, Switzerland) using excitation and emission settings of 485/520 and 340/450 respectively. PLATE manager V4 software was also used for data acquisition. Relative fluorescence intensities indicating the extents of infection were determined by the following formula: V FITC/DAPI -B FITC/DAPI , where V is the measurement ratio of the presence of virus and B is the blank.
Since we developed a new method to evaluate the rate of infection by rotavirus, we measured the fluorescence intensities of preparations with different moi values, from 0.03 to 1.2 (Fig. 2) . The mean fluorescence intensities of FITC and DAPI were taken to indicate the amount of VP6 in the infected cells and in the nuclei of all the cells respectively. Compared with the conventional focus reduction assay, this new method was an improvement in terms of obtaining an accurate analysis of the ratio of VP6 expression after rotavirus infection of cells. Since we used a microplate reader to measure the fluorescence intensities of the cells in this new method, we overcame a number of the issues associated with the traditional focus reduction assay, such as the skill required for accurate assessment of cell labeling and the long period of time necessary to count infected cells using a microscope. As shown in Fig. 2 , the results for the new method indicate that the relative fluorescence intensity exhibited dose-dependent on the virus moi, and indicated the extent of infection. This indicates that measuring the fluorescence intensity of infected cells using our proposed method is an effective means of assaying rotavirus infection. Hence we concluded that the new method is appropriate for the evaluation of substances inhibiting rotavirus infection.
In order to compare our novel method with the traditional focus reduction assay, we tested the effect of rota whey on rotavirus infection using both methods. Rota whey, colostrum whey from cows hyper-immunized with human rotavirus (HRV), was prepared as described previously.
11) The protein concentration was determined with a Bradford Protein Assay Kit (Bio-Rad, Hercules, CA) using bovine serum albumin as standard.
For the focus reduction assay, inhibition activity was expressed as the percentage reduction in the foci numbers of infected cells as determined by fluorescence microscopy, as described previously. 8) For the new method, after treatment with trypsin, making a virus dilution of 1:8 with EMEM containing 2% FCS, we mixed it with an equal volume (200 mL) of two serially diluted samples in microtubes, and incubated them for 1 h at 37 C. The various mixtures of samples with virus were administered (100 mL) to each well containing a confluent monolayer of MA104 cells. As a control, we also included wells with only the virus for infection. After 22 h of incubation, the cells were fixed and the 
, where S is the measurement ratio of the sample, B is a blank, and C is the control. Furthermore, we calculated the minimum inhibitory concentration (MIC), the reagent concentration that causes a 50% reduction in infected cells, for each sample using logarithmic regression of the concentration-dependent percentage.
The results for both methods indicated that the rota whey had strong inhibitory activity against HRV infection ( Fig. 3A and B) . This is consistent with a previous report by Inagaki et al. 8) In comparing the focus reduction assay and the new method, the results indicated that the MICs of the rota whey were 0.7 mg/mL (Fig. 3A ) and 1.3 mg/mL (Fig. 3B) respectively. Obviously, the MIC values obtained were closely similar across the different methods. This indicates that the new method is suitable for evaluating the effects of substances in the neutralization of rotavirus infection. The accuracy and repeatability of the new method is based on the fact that its measurement results showed significantly lower standard deviations than the results for the conventional assay. The improved accuracy associated with the new method is not surprising, since the measurements were obtained with a microplate reader instead of by manual counting by a human operator. Also it is preferable to add the mixed virus and samples to confluent cells, as we did in the new method, because cellular conditions are more stable.
Using the traditional focus reduction assay, there is a problem in that it cannot be used to determine whether substances, such as various proteins, block death due to the virus during the virus infection assay. In contrast, our method resolves this issue by quantifying the relative amounts of total cells and infected cells (Fig. 3C ). In the virus-infected cells, the fluorescence intensity of DAPI was weaker than that of the blank (media only), which indicates that the virus probably killed the cell population to some extent (date not shown). In contrast, in the virus-infected cells with rota whey (Fig. 3C) , the fluorescence intensity of DAPI increased depending on the protein concentration. This indicates that rota whey somewhat blocked cell death due to the virus. In order to verify whether the milk samples used in this study nonspecifically influenced the measurement of fluorescence intensities, we also added only milk samples to confluent cells in the assay. As a result, the total number of cells increased. Thus our results indicate that our method can measure both the total cell population and infected cells, which is an advantage over the focus reduction method and commercial rotavirus test kits.
In summary, the results obtained in this study indicate that our new method is effective for examination of the influence of different substances on virus infection, and that it generates relatively accurate data. To our knowledge, this study is the first of a method involving measurement of fluorescence intensity for a rotavirus infection assay. In conclusion, our novel method should be a useful tool applicable in future studies requiring similar virus infection assays.
